A new assemblage of Hadimopanella oezgueli Gedik, 1977 is described from the middle Caesaraugustan (middle Cambrian) part of the Genestosa Member (Oville Formation) in the Cantabrian Mountains, northern Spain. Sclerites occur disarticulated and display distinct diagenetic processes, with authigenic chlorites occluding primary porosity and secondary fissures. Sclerite distribution was controlled by patchy development of epibenthic multispecies clumps on shell (both carbonate and clayey) substrates. A joint biometric and statistical analysis in both dorsal and lateral views of disarticulated sclerites allows characterization of two distinct morphotypes. These are compared with other occurrences of H. oezgueli sclerites from other margins of Gondwana and the Siberian Platform, as a result of which, another morphotype is identified. Two main inferences can be drawn: (i) different ventral trunk-sided sclerites of a same scleritome comprise different sclerite morphotypes and (ii) one distinct sclerite morphotype occurs in different genera and species. These results emphasize the idea that the diagnostic features that characterize the parataxon H. oezgueli should not be used for (bio) taxonomic classification of palaeoscolecidan scleritomes. Tania Barragán. Centro de Astrobiología (CSIC/INTA), Ctra. de Torrejón a Ajalvir km 4,
INTRODUCTION
Palaeoscolecids were vermiform metazoans characterized by an annulated long, slender, cylindrical body armoured with organic or organo-phosphatic button-like sclerites arranged in linear patterns. They were common components of Cambrian-Late Silurian marine benthic communities 1997; García-Bellido et al., 2013; Hou and Bergström, 1994; Kraft and Mergl, 1989; Müller and Hinz-Schallreuter, 1993; Zhang and Pratt, 1996) . Despite the finding of complete and well-preserved palaeoscolecidan cuticles in the lower Cambrian Chengjiang Lagerstätte of China (Hou and Bergström, 1994; Zhang and Pratt, 1996) , the middle Cambrian of Australia (Müller and Hinz-Schallreuter, 1993) , and the Lower Ordovician of Bohemia (Hinz et al., 1990) , some aspects related to both their phylogenetic relationships with ecdysozoan groups and lifestyle are still under discussion (Botting et al., 2012; Conway Morris and Peel, 2010; Han et al., 2007a Han et al., , 2007b Han et al., , 2007c Harvey et al., 2010; Wills et al., 2012) .
Their first descriptions were based on compressed body fossils (e.g., Conway Robison, 1986, Robison, 1969; Ulrich, 1878; Whittard, 1953) . Their disarticulated sclerites were found worldwide as dregs after limestone etching with problems to assign them to specific taxa and were described under different generic names, such as Hadimopanella Gedik, 1977 , Kaimenella Märss, 1988 and Milaculum Müller, 1973 (e.g., Bendix-Almgreen and Peel, 1988 Bengtson, 1977; Gedik, 1977 Gedik, , 1989 Märss, 1988; Peel and Larsen, 1984; van den Boogard, 1983 van den Boogard, , 1988 van den Boogard, , 1989a van den Boogard, , 1989b Wrona, 1982 Wrona, , 1987 . They were subsequently integrated with palaeoscolecidan body fossils (Kraft and Mergl, 1989; van den Boogaard, 1989a van den Boogaard, , 1989b . One well-known cosmopolitan sclerite is Hadimopanella oezgueli Gedik, 1977 , originally described from Turkey, and significantly abundant in Cambrian sediments of Siberia and Gondwana.
A new assemblage of Hadimopanella isolated sclerites from the middle Cambrian of the Cantabrian Mountains (northern Spain) is reported here. The aim of this paper is to offer a quantitative analysis of this assemblage in order to characterize the wide morphological variability of the parataxon. A comparison with other isolated Hadimopanella sclerites found elsewhere is provided along with a brief discussion of its (para)taxonomic usefulness. Finally, a discussion of diagenetic processes and palaeoecological constrains is included.
GEOLOGICAL SETTING AND STRATIGRAPHY
The Cantabrian Mountains (Figure 1 .1-2) are of prime importance in understanding the benthic community replacements associated with the faunal turnover that characterize the lower-middle Cambrian boundary interval (Álvaro et al., 2013) . The remnants of the subtropical carbonate platform preserved in this part of West Gondwana shows the stepwise record of: (i) the occurrence of the youngest archaeocyathan-microbial reefs of West Gondwana (Perejón and Moreno-Eiris, 2003 ) associated with ooidal shoal complexes rich in endemic trilobites and low-diversity skeletonized microfossils (Álvaro, 2007; Clausen and Álvaro, 2006) ; (ii) the onset of a regional erosive unconformity within the Láncara Formation marking the lower-middle Cambrian boundary (Álvaro et al., 2000; Aramburu et al., 1992; Aramburu and García Ramos, 1993; van der Mohr, 1969) , bearing an indeterminate biostratigraphic gap laterally correlatable into the Montagne Noire ; and (iii) the stepwise immigration of new trilobite families, linguliform brachiopods and highly diverse skeletonized microfossils (Clausen and Álvaro, 2006; Sdzuy, 1968 Sdzuy, , 1995 Wotte, 2006 Wotte, , 2009a Wotte, , 2009b Wotte and Mergl, 2007) on middle Cambrian transgressive offshore-dominated substrates.
The occurrence of disarticulated sclerites of Hadimopanella oezgueli is related to this earliest mid-Cambrian immigration of shelly fauna. Although its presence was reported from the Barrios (or griotte) facies of the upper Láncara Member (Fernández-Remolar, 2001; van den Boogaard, 1983) (Figure 1. 3), unreported limestone interbeds of the overlying Genestosa Member (Oville Formation) are also rife with sclerites. These were sampled in trilobite-rich wackestoneto-packstone tempestites of the Genestosa Member at Tanes (Sdzuy, 1968) . The fossiliferous limestones belong to the Pardailhania hispida Zone (mid Caesaraugustan) based on its trilobite content (Liñán et al., 1993; Sdzuy, 1968) .
MATERIAL AND METHODS
This work is based on a collection of Hadimopanella oezgueli-type sclerites sampled after etching of bioclastic limestones from the Genestosa Member and their comparison with other sclerites of the same parataxon previously reported from other margins of Gondwana and the Siberian Platform. Isolated sclerites are used below in their parataxonomic concept, so outside any ortho-or biotaxonomic concept of Bengtson's definition (1985) : "a parataxon is a conceptual taxon belonging to a taxonomic system that by formal decision is outside the orthotaxonomic (or biological) system covering the same group of organisms." Only complete palaeoscolecidan scleritomes are reported as (bio)taxonomic entities (Ivantsov and Wrona, 2004) , whereas disarticulated sclerites are referred to as parataxons.
In the studied material from the Genestosa Member, 78 sclerites of H. oezgueli were selected after etching to carry out biometric and statistical analyses. Smaller specimens, less than 100 µm in diameter, were usually overlooked or hard to extract during picking. Specimens are phosphatic or phosphatized, and usually preserve all the ornamentation details. Several specimens clearly show erosive facets, which are explained later.
Image J-Software (Abràmoff et al., 2004 ) was used to estimate linear and surface measurements in the dorsal view of sclerites examples from Genestosa Member (n=33) and from other published articles (n=41). Figure 2 .1 and a dataset of all these values is specified in Appendices 1, 2 and 3. Several measures were made in lateral view, such as radius of sclerite base (r); heights of marginal brim (h 1 ), middle surface (h 2 ), and tuberculated surface (h 3 ); and slopes of marginal brim (tg α 1 ), middle surface (tg α 2 ), and tuberculated surface (tg α 3 ); as well as the width of tubercle base and tip diameters tubercles and the relationships computed were h/h 1 , h/h 2 , h/ h 3 , r/h, tgα 1 ,tg α 2 , tg α 3 , and base/tip. The measures are illustrated in Figure 2 Cluster analysis (following Ward, 1963 ) and principal coordinates analysis (PCoA; Gower, 1966) have been carried out to recognize morphotypes in dorsal and lateral views. The cluster analysis illustrated in Figures 4 and 5 include both new sclerites from the Genesosa Member (this work) and other sclerites referred to H. oezgueli from the Láncara Formation (van den Boogaard, 1983) in Spain, the Mila Formation of Iran (Wrona and Hamdi, 2001) , the Monastery Creek Formation of Australia (Müller and Hinz-Schallreuter, 1993) , the Campo Pisano Formation of Sardinia (Elicki, 2006) , the Korrelasyonunda Formation (Gedik, 1977) , where the holotype was described, and the Çal Tepe Formation (Gedik, 1989; Sarmiento et al., 2001) of Turkey, and the Ülgase-Kallavere Formation of Kirgizia (Märss, 1988) . The Siberian sclerites appear in the Sinsk Formation and belong to the following classified species: sclerite from the dorsal side of the trunk (S1) in Palaeoscolex lubovae Wrona, 2004 (Wronascolex lubovae sensu Ivantsov and Zhuravlev, 2005; in García-Bellido et al., 2013; Topper et al., 2010) , sclerites (S2 and S3) of Sahascolex labyrinthus Ivantsov and Wrona, 2004 (Corrallioscolex labyrinthus sensu Ivantsov and Zhuravlev, 2005; in Topper et al., 2010) , sclerites (S4 and S5) of Palaeoscolex sp. Ivantsov and Wrona, 2004 or Wronascolex sp. sensu Ivantsov and Zhuravlev (2005) (see García-Bellido et al., 2013) ; Ps1, Ps2, and Ps3 represent different sclerite morphotypes from the ventral side of the trunk of Palaeoscolex spinosus Ivantsov and Wrona, 2004 (Wronascolex spinosus sensu Ivantsov and Zhuravlev, 2005; in García-Bellido et al., 2013; Topper et al., 2010) .
Multivariate analyses were performed by statistics package PAST (Paleontological Statistics) version 1.97 Software (Hammer et al., 2001; Hammer and Harper, 2006) . Finally, spectral imaging by Scanning Electron Microscope (SEM) equipped with an energy-dispersive X-ray spectroscopy (EDS) method was performed to ascertain the chemical composition and to examine the internal structure of some sclerites.
RESULTS
Three statistical analyses of etched sclerites (histogram, cluster, and PCoA analyses) are described below.
Histogram Analysis
Sclerite-size frequency is assessed through dorsal-view measurements (n=33) in Figure 3 .1. The observed D max size varies from 120 to 200 µm and the average diameter from 130 to 160 µm, FIGURE 2. Principal parameters measured in dorsal (1) and lateral (2) views of Hadimopanella oezgueli sclerites from the Genestosa Member. Abbreviations: largest / shortest diameter of outline sclerite (Dmax/Dmin), middle surface (d´max/d´min) and tuberculated surface (dmax/dmin); height of marginal brim (h 1 ), middle surface (h 2 ), and tuberculated surface (h 3 ); slope of marginal brim (α 1 ), middle surface (α 2 ), and tuberculated surface (α 3 ); radius base (r).
which represents 57% of the total selected sclerites. The size range fits well with the average size displayed by similar sclerites from the underlying Upper Láncara Member (van den Boogaard, 1983) , with a range of 80-250 µm. The sclerite height frequency histogram measured from the base to the tip of tubercles in lateral view (n=36) is illustrated in Figure 3 .2. The height ranges between 32 and 72 µm; although most specimens are broadly distributed in two intervals, between 40-44 µm and 52-60 µm, which represent 52% of the total selected sclerites.
Cluster Analysis
The cluster analysis of dorsal-view sclerites allows identification of two distinct morphotypes (A and B), both subdivided into two submorphotypes, although submorphotypes B is less distinct (Figure  4 .1). These are described below following Müller and Hinz-Schallreuter's (1993) nomenclature:
1. Morphotype A (n=16) includes two submorphotypes, A1 (n=3) and A2 (n=13). Submorphotype A1 (Figures 4.1, 5.1-2) includes sclerites with an elliptical and highly eccentric tuberculated surface (or nodular face sensu Bengtson, 1977) , by comparison with the overall outline. Diameter of A1 sclerites ranges between 149 and 177 µm; they have 7 to 12 tubercles (or nodes) with a basal diameter ranging from 19 to 34 µm in largest tubercles and near 14 µm in smallest tubercles.
Most of the tubercles occur on an outer row forming an ellipse with only 1-3 tubercles in the centre; they are very heterogeneous in size and show a markedly sharp tip, and an occasional striated flank; these sclerites present a striated marginal brim, 10-15 µm wide, and a "middle surface", separating the tuberculated surface from the marginal brim, with an irregular width on average 20 µm. Submorphotype A2 (Figures 4.1, 5.3, 5 .10) includes sclerites, 114-191 µm in diameter, with a low eccentric, subelliptical-outlined tuberculated surface, which shows 8-15 tubercles (7-21 µm in diameter for smallest specimens, 16-39 µm in the largest ones); most of the tubercles are mainly placed on an outer row forming a circle or ellipse, although 1-3 tubercles can be closer to the centre. The tubercles are homogeneous in size and have a rounded tip with a striated flank; the brim, 3-31 µm wide, is also striated or grooved and occasionally wavy; the middle surface is subcircular in outline and 10-25 µm wide. surface is on average 20 µm wide; this submorphotype has a broad middle surface in comparison with their marginal brim. Sclerites of type B2 ( Figure 5 .9, 5.14-16) are 116-168 µm in diameter, and show an eccentric and almost round or elliptical tuberculated surface. Some specimens exhibit a flat crest covered by a high number of tubercles (>25), which represents the diagnostic character of Hadimopanella knappologica (Bengtson, 1977, Figure 5.9, 5.15 ). Seven to 28 tubercles form one or two rings surrounding a cluster of up to four tubercles in the centre; the largest diameter of tubercles ranges between 11 and 32 µm and the smallest one between 9 and 23 µm. Tubercles display a high rounded tip and are either heterogeneous in size or homogeneous in the case of sclerites with a high number of tubercles. The brim, 5-17 µm wide, is striated or deeply grooved, and sometimes wavy. The width of the middle surface ranges between 10 and 27 µm on average.
Cluster analysis in lateral-view sclerites (Figure 4. 2) does not identify distinct morphotypes. The morphotypes determined in dorsal view show no correlation with lateral morphotypes.
Principal Coordinate Analysis (PCoA)
In order to compare the morphotypes described above with other occurrences of Hadimopanella oezgueli from Gondwana and Siberia (see measurements of other illustrated articles sclerites and relationship parameters in Appendices 2-3), a Principal Coordinates Analysis (PCoA) has been carried out with all dorsal-view sclerites (Figure 6 .1).
The analysis shows three broad groups (the above-mentioned A1-A2 and B1-B2, and the new C) plus two isolated sclerites (two ventral trunksided sclerites of W. spinosus, Ps1 and Ps2). The sclerites yielded by the Genestosa limestone interbeds fall into groups A and B; those from the Lán-cara and Ülgase-Kallavere formations into groups A, B, and C; those from the Mila and Monastery Creek formations into groups A and C; that from the Campo Pisano Formation into group A; and those from Turkey into group C.
The Siberian sclerites are distributed as follows: S and Ps3 (or "Hadimopanella oezgueli"-type) in groups A and C and sclerites Ps1 ("spiny coronata"-type) and Ps2 ("knappologica"-type; Bengtson, 1977) plot outside the three groups. As a result, different ventral-side trunk sclerites of a same scleritome comprise different sclerite mor- A statistic test of consistency was applied to the above analysis based on ANOSIM (Analysis of Similarities) test. ANOSIM is a non-parametric test to differentiate groups of multivariate data points (Hammer and Harper, 2006) . It was applied to the two superclusters (morphotypes) identified above: with 1000 permutations, and using chord, BrayCurtis, Morista, and Euclidean distance measures, the test statistic is consistently high (R=0.91-0.96) and the p value remains <0.0001, proving signifi- 
TAPHONOMIC CONSTRAINTS
Some sclerites display eroded facets, mainly affecting tubercles, whereas others exhibit both tubercles and marginal brim eroded (Figure 7.1-3 ). Selective abrasion of tubercles could be explained by ultrastructure and growth patterns, as tubercles are easily susceptible to loss in life of palaeoscolecids since they grow by molting. The old cuticles overlying the new ones show tubercles dramatically eroded by friction (Müller and Hinz-Schallreuter, 1993 : text figure 14) (Figure 7 .2). In addition, eroded tubercles may reflect transport prior to definitive burial, which is consistent with their occurrence in storm-induced deposits.
The presence of chlorites both on the surface and within the Hadimopanella sclerites is well constrained by SEM analysis. The surface is rife with authigenic chlorites displayed in a honey-comb arrangement (Figure 8.1) . In broken and corroded specimens, chlorite crystals occur seemingly replacing the original apatite (Figure 8.2) . In addition, these chlorites also occur occluding internal fissure networks, clearly recognized in SEM by their darker grey color (Figure 8 .5). The cross-section of a well-preserved sclerite (Figure 8. 3) allows identification of chlorite distribution in a selective way, depending on porosity or cracking in each surface area so that, in BSE analyses, chlorites (recognisable by mapping of Fe and Mg in yellow and white, respectively, Figure 8 .4), are preferably located covering the tuberculated surface and the base of the marginal brim. In contrast, pristine apatite (see mapping of P and Ca elements in turquoise and white, respectively), which could represent the primary biomineral cuticle of the palaeoscolecids (Harvey et al., 2010) , forms the surface of the middle surface and the marginal brim. As a result, the preservation after diagenetic mineral replacement can be explained by its nonporous and massive character: the resulted phosphatic parts of the sclerite were less susceptible to be damaged by abrasion and affected by cement occlusion. In Figure 8 .6, BSE of a crosscut specimen (see picture by SEM in Figure 8 .5), has distinct chlorites occluding internal fissures, represented by Fe-Al in yellow and white, and original apatite composition, illustrated by P-Ca colors (turquoise and white, respectively).
CALM CLAYEY VS ENERGETIC SHELLY SUBSTRATES
Two types of middle Cambrian limestones have yielded Hadimopanella sclerites in the Cantabrian Mountains: the Barrios facies of the upper Láncara Member (van den Boogaard, 1983 ) and the interbedded storm-induced limestones of the overlying Genestosa Member, Oville Formation (this paper).
The Barrios or griotte facies, up to 30 m thick, consists of centimetre-thick alternations of reddish to purple, nodular and bedded limestone/shale couplets. They represent episodes of shelly carbonate productivity on synsedimentary palaeohighs, finally sealed by the shale-dominated Genestosa Member. Drowning and subsequent transgression of the palaeohighs led to a distinct change in benthic fauna, from echinoderm-rich to trilobite-brachiopod-rich fossil assemblages (Wotte, 2009b) . Hadimopanella sclerites were found in the upper part of the Barrios facies in Los Barrios de Luna and Valdoré (Fernández-Remolar, 2001, van den Boogaard 1983) in shelly substrates representative of shoreface environments under persistent wave action (Álvaro et al., 2000; Álvaro and Clausen, 2005; .
The Genestosa Member, c. 350 m thick, consists of burrowed greenish claystone beds with abundant centimetre-to decimetre-thick carbonate interbeds and nodules, including shelly wackestone-packstone and laminated calcisiltites. Carbonate interbeds provide evidence for episodic storm deposits. The general depositional environment of the Genestosa Member is envisaged as an offshore-dominated, gently northwardly sloping clayey shelf. The platform bordered in the SE with a sandy shoreline that diachronously prograded leading to the onset of sandstone wedge interbeds (e.g., the so-called "simula sandstone"; Zamarreño, 1972) . The episodic record of vigorous burrowing, among other factors, allowed sedentary fauna (mainly eocrinoids and sponges) to proliferate. Turbidity was another limiting factor due to the coexistence of autochthonous epibenthic assemblages of normal-eyed and blind trilobites (the socalled conocoryphid biofacies; Álvaro and Vizcaïno, 2003) . In bottom conditions of increasing sedimentation rates and turbidity, muds lacking cohesion are easily re-suspended to generate high-turbidity conditions. As a result, mud suspended in water may have greatly reduced the amount of light reaching the seafloor, and dark to dimly lit substrate conditions may be formed.
Errant palaeoscolecids were vagile colonizers of both high-energy shelly substrates (firm carbonate substrates consolidated by early-diagenetic cementation processes, see Zamora et al., 2010) and low-energy clayey substrates (subsequently reworked by tempestites) across the LeonianCaesaraugustan. Their preservation is not dependent on the kind of seafloor, but on taphonomic constraints. Both wave and storm action exerted their influence upon benthic communities and must be considered as primary agents of substrate modification and episodic physical disturbances. Storms generated winnowing leading to shell-bed formation by initiating shelly pavements on an otherwise soft substrate. This distribution resulted in the patchy development of epibenthic multispecies clumps on shell grounds. The taxonomic connection between disarticulated sclerites and scleritomes depends on the proper preservation of the former and statistical analyses, like those made in this paper. These allow characterization of parataxonomic diversity in a same stratigraphic level. After statistical comparison with other palaeoscolecidan taxa bearing sclerites of H. oezgueli, it is possible to conclude that different ventral-sided sclerites of a same scleritome comprise different (ventral trunk) sclerite morphotypes, whereas one distinct sclerite morphotype occurs in different genera and species. These results confirm in a representative way that the diagnostic features that characterize the parataxon H. oezgueli have serious difficulties to establish any (bio)taxonomic classification for palaeoscolecidan (scleritome-based) worms. Therefore, the diagnostic characters of isolated sclerites, such as those of the parataxon H. oezgueli, must be not taken into consideration for diagnosing scleritome taxa, and the parataxon H. oezgueli should not be used for (bio) taxonomic purposes.
DISCUSSION AND CONCLUSIONS

Sclerites of
Two parallel taxonomic classifications are currently applied to palaeoscolecidan complete scleritomes and disarticulated sclerites. Three scleritebased parataxa are formally erected, Milaculum, Hadimopanella and Kaimenella (e.g., Gedik, 1977; Hinz et al., 1990; Müller, 1973; van de Boogaard, 1983) , based on specific external ornamentation patterns. By contrast, taxonomy of complete scler-12 itomes (Bengtson, 1985) has been achieved based on partial scleritome. Although the ontogeny of palaeoscolecids is suspected to be complex (Botting et al., 2012; Brock and Cooper, 1993; Topper et al., 2010) , the transition from juvenile to adult stages is not characterized by any significant change in the shape or size of sclerites. Only the interspace between single plates gradually increases during the ontogeny because of an incomplete development of cuticular structures (Zhuravlev et al., 2011) .
The occurrence of palaeoscolecidan sclerites does not depend on the kind of substrate (clayey vs. shelly) since palaeoscolecids lived on both calm and energetic substrates. By contrast, their abundance is dramatically constrained by taphonomic processes (including occlusion of diagenetic fissures by chlorite) and the possibility of etching extraction.
APPENDIX 1.
Absolute measures of Hadimopanella oezgueli dorsal-view sclerites from the Genestosa Member (PDF only).
APPENDIX 2.
Absolute measures of Hadimopanella oezgueli dorsal-view sclerites from other published papers (PDF only).
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APPENDIX 3.
Dorsal relationships used in the establishment of morphotypes of Hadimopanella oezgueli from the Genestosa Member and other occurrences from published reports. 
